To date, three genera have been described for the obligate and restricted facultatively methylotrophic bacteria (methylobacteria) with the ribulose monophosphate (RUMP) pathway of C, assimilation. Marine methylobacteria were referred to the genus Methylophaga (6, 18). All terrestrial strains of methylobacteria were divided into two genera, Methylobacillus and Methylophilus. The genus Methylobacillus was initially proposed for the nonmotile obligate methylobacteria (21). Later it was emended to be used for both obligate and restricted facultative methylobacteria (17). However, Jenkins et al. (8, 9) proposed to transfer the restricted facultative strains to a new genus, Methylophilus. The genus Methylobacillus should now be used only for the obligate methylobacteria.
To date, three genera have been described for the obligate and restricted facultatively methylotrophic bacteria (methylobacteria) with the ribulose monophosphate (RUMP) pathway of C, assimilation. Marine methylobacteria were referred to the genus Methylophaga (6, 18) . All terrestrial strains of methylobacteria were divided into two genera, Methylobacillus and Methylophilus. The genus Methylobacillus was initially proposed for the nonmotile obligate methylobacteria (21) . Later it was emended to be used for both obligate and restricted facultative methylobacteria (17) . However, Jenkins et al. (8, 9) proposed to transfer the restricted facultative strains to a new genus, Methylophilus. The genus Methylobacillus should now be used only for the obligate methylobacteria.
Although most of the known strains of obligate and restricted facultative methylobacteria can be placed in any of the above validated taxa, they still show a significant heterogeneity with respect to DNA-DNA homology and some phenotypic characteristics (7, 9, 19) . Very recently, we have briefly described several strains of the restricted facultative methylobacteria having an intermediate taxonomic position between the genera Methylophilus and Methylobacillus. A new genus, Methylovorus, has been proposed for these strains (5) . This paper presents the comparative characterization and formal description of the new taxon.
MATERIALS AND METHODS
Bacterial strains. Some new strains under study were isolated from waste water samples from Alma-Ata city (6B1, 6B2, and 6a) or soil samples from Frunze city (Fl) . Strain Cultures were grown on a mineral medium (10) containing 0.5% (vol/vol) methanol or 0.3% (wt/vol) glucose in shaken flasks at 29 or 37°C. By using the same medium, the strains were also tested for their ability to grow on the following one-carbon compounds (wthol): methylamine, 0.3%; dimethylamine, 0.3%; trimethylamine, 0.3%; trimethylamine-N-oxide, 0.3%; formaldehyde, 0.025 to 0.05%; and sodium formate, 0.02 to 0.05%. The following multicarbon substrates were used for their ability to support growth (each 0.3% [wtlvol]): pyruvate, acetate, a-ketoglutarate, malate, citrate, succinate, fumarate, aminobutyrate, betaine, dimethylglycine, sarcosine, ethanol, propanol, butanol, mannitol, inositol, sorbitol, glycerol, inuline, D-maltose,
-threonine, and L-alanine. To determine the cellular fatty acid composition, the strains were grown on methanol medium with 2% agar on petri plates for 18 h at 29°C.
Identification methods. All cultural, physiological, and biochemical tests, enzyme assays, and cellular fatty acid and phospholipid determinations were done as previously described (3, 4, (11) (12) (13) 15) . Elongation coefficient A,, was calculated as the ratio between concentrations of cis-vaccenic and palmitoleic acids (1).
DNA was extracted by the method of Marmur (14) , and the guanine-plus-cytosine composition was determined by the method of thermal denaturation of DNA, using a Beckman DU-8B spectrophotometer (with the temperature changing OS"C/min). DNA-DNA hybridization was done on membrane filters with the use of deo~y[l',2',5'-~H]cytidine 5'-triphosphate and nick translation kit N5500 (Amersham International plc.) as described earlier (4 Morphological properties. Methylovorus strains are gramnegative, non-sporeforming rods, motile by a single polar flagellum (Fig. l) , that multiply by binary fission. No capsules or intracellular complex membranes are formed (Fig.  1) .
Physiological and biochemical characteristics. The isolates grow without aggregation and pigmentation in mineral salt liquid medium with methanol.
The streaks on methanol agar (0.5%) are distinct, abundant, and continuous with even edges and smooth surfaces.
Strict aerobes with respiratory metabolism. No requirement of vitamins or any other factors for growth. Generation time on methanol, 2 to 2.5 h. On agarized medium with methanol, colonies are round, the surface is smooth, the profile is convex, the edge is uniform, the consistency is mucoid, colonies are colorless or light rose, 1 to 3 mm in diameter after 4 days of growth at 29°C.
Of the C, substrates tested, all the isolates grow on methanol, except for strain F1 which grows on methylamine and dimethylamine as the sole carbon and energy source. Moreover, all the other strains grow on glucose; strains 6B1, 6B2, and 12 grow slowly on inuline; strain 12 grows on dimethylglycine. No growth occurred on the other 35 compounds tested (see Materials and Methods).
Phenotypically, strains 6B1, 6B2, 6a, F1, and 12 belong to type M of the restricted facultative methylotrophs by the terminology of Colby and Zatman (3).
An enzymological study of our strains revealed the key enzyme of the RuMP pathway, 3-hexulose-6-phosphate synthase (Table 1) . Interestingly, glucose-6-phosphate dehydrogenase was active with both NAD and NADP, whereas 6-phosphogluconate dehydrogenase was active only with NAD. Neither a-ketoglutarate dehydrogenase nor the glyoxylate shunt enzymes (malate synthase and isocitrate lyase) were found. The strains assimilate ammonia by the glutamate cycle enzymes (GWGOGAT system) similar to the Methylophilus strains. Glutamate dehydrogenase activity was not found in any of our strains grown on ammoniumcontaining medium.
Representatives of the genera Methylophilus and Methylobacillus are known to assimilate methanol by the RuMP pathway, although they clearly differ by ammonia assimilation pathways; the obligate methylobacteria use glutamate dehydrogenase (16) , while the restricted facultative methylobacteria employ the glutamate cycle.
Genomic and chemotaxonomic characteristics. The DNA temperature denaturation experiments showed that the G + C content among our new strains ranged from 56 to 57 mol% (55.8 for strains 6B1,6B2, F1, and 12; 56.9 for strain 6a). The DNA-DNA homology within this group of organisms exceeded 50%, thus suggesting these strains to be related at least at the genus level (Table 2) . DNA-DNA homologies between our strains and Methylobacillus and Methylophilus strains are no more than 5 to 15%. Such a low homology level is evidently not sufficient to include these isolates into the above genera. A comparative analysis of cellular fatty acid composition of our strains revealed C16:lw7 and C16:o to be the major components analogous with Methylophilus and Methylobaciflus strains ( Table 3 ). The elongation coefficients of these organisms and Methylophilus strains were of the same order of magnitude but differed significantly from those of Methylobacillus strains. However, the Methylophilus genus contained unidentified CI7 branched fatty acids (X1 and X2), which were not found among the our strains and Methylobacillus strains.
A comparative analysis of phospholipid spectra of the strains studied revealed phosphatidylethanolamine and phosphatidylglycerol as major phospholipids, the latter being typical for Methylophilus and Methylobacillus strains ( Table  4) . However, the new strains differed from the restricted facultative methylobacteria belonging to Methylophilus by the qualitative composition of phospholipids (in particular, by the presence of diphosphatidyl glycerol) and fatty acids.
DISCUSSION
According to our results, the new strains discussed in this paper possess some properties sufficiently different from those of other validly named taxa of obligate and restricted facultative methylobacteria to merit the creation of a new genus. Of particular relevance are the results of DNA-DNA hybridization and G+ C moles percent, which exclude the possibility of assigning these new strains to the Methylophilus or Methylobacillus genus. Phenotypically, these new isolates have properties intermediate between the two existing genera of restricted facultative or obligate methylobacteria ( Table 5 ) of terrestrial origin. The representatives of this new taxon differ from those of the Methylophilus genus in their fatty acid and phospholipid content as well as the optimal temperature for growth (35°C) which is not typical of the Methylobacillus.
The systematics of the obligate and restricted facultative methylobacteria is still far from completion. According to the published data (8, 9, (17) (18) (19) 21) , there are three genera used for the obligate and restricted facultative methylobacteria. Terrestrial strains have been classified into the Methyfobacillus (the obligates) or Methylophilus (the restricted facultatives) genus. The genus Methylophaga has been proposed for the marine obligate and restricted facultative methylobacteria (6, 18) . They are distinguished from the genera Methylophilus and Methylobacillus by low G+C content (43.0 to 49.0 mol%) and some physiological characteristics. However, all terrestrial and marine strains have a similar morphology and organization of their C, metabolism. They assimilate methanol or methylated amines through the RuMP pathway; some strains can grow on glucose or fructose (albeit slowly), despite the absence of a-ketoglutarate dehydrogenase .
At present, the main criteria used to classify obligate and restricted facultative methylobacteria into separate genera are their genomic characteristics and ability to grow on multicarbon compounds. Our finding of a new taxon supports the idea of a common origin of obligate and restricted facultative methylobacteria. Otherwise it would be difficult to understand why the new strains described in this paper share some properties specific for both Methylobacillus and Methylophilus. On the basis of 5s RNA sequencing, Wolfrum and Stolp (20) have demonstrated that obligate methylotrophs belong to P-subgroup of the rhodobacteria and that they are quite distinct from type I methane utilizers (obligate methylobacteria), which also possess the RuMP pathway of C, assimilation. Very recently, on the basis of 5s rRNA sequencing data (2), our isolates were allocated to a separate branch of the 5s rRNA phylogenetic tree. According to growth properties, the new isolates are formally restricted facultatives. Nevertheless, this subgroup was closer to Methylobacillus than to Methylophilus. These results will be published in detail in a separate paper. Therefore, we have a rationale to propose a new generic name for our isolates, viz., Methylovorus.
Description of the new genus Methylovorus. Methylovorus (me.thyl.o.vorus. M.L. n. methyl, the methyl radical; L. adj. vorus, consuming).
When grown on methanol-mineral salt medium, cells are straight or slightly curved rods, usually 0.5 to 0.6 pm in diameter and 1.0 to 1.3 pm in length, which occur singly or in pairs. Gram-negative. Endospores are absent. No complex intracellular membranes. No sheath or prosthecae detected. No capsules formed, but slime may be produced by some strains. Colonies on methanol-mineral salt agar incubated for 2 days at 30°C are circular, 1 to 2 mm in diameter, with entire edge, convex, and are translucent to opaque, pink, creamy or milky in color. Pyocyanin and fluorescein are not produced. Cells multiply by binary fission. No aggregation or pigmentation occurs in liquid medium. No growth or extremely poor growth occurs on nutrient agar and in nutrient broth at 30 to 37°C; no growth occurs under an atmosphere of CH, plus O2 or H, plus C 0 2 plus 02. Optimum pH for growth, 7.0 to 7.2; temperature, 35 to 37°C. Obligate aerobes with respiratory metabolism. Methanol and glucose are utilized as carbon and energy sources. In addition, some strains are able to grow slowly on methylated amines, inuline, and betaine.
Nitrates, ammonium salts, methylated amines, glutamate, and peptone serve as nitrogen sources. Acetoin, indole, H2S, and NH, are not produced in test medium. Milk is not hydrolyzed. Urease, catalase and oxidase positive. Peroxidase, variable. Arginine dihydrolase, negative. The strains may hydrolyze starch but not cellulose, gelatin, or Tween 80. They produce acid (but not gases) from glucose.
All the strains assimilate methanol carbon through the RuMP pathway and ammonia via the glutamate cycle (glu-tamate synthase and glutamine synthetase). Neither a-ketoglutarate dehydrogenase nor the glyoxylate shunt enzymes are present.
The fatty acid composition is primarily of the nonhydroxylated straight-chain saturated and monounsaturated types with C16:* and C16:107. The strains do not contain branched C17 fatty acid. The major phospholipids are phosphatidylethanolamine and phosphatidylglycerol. The strains also possess diphosphatidylglycerol. G+C mol% of DNA is 55 to 57%, estimated via melting point (T,).
Bacteria of this kind have been isolated from activated sludge, mud, soil, and pond water.
The type species is Methylovorus glucosotrophus. Description of Methylovorus glucosotrophus. Methylovorus glucosotrophus (glu.cos.o.tro'phus. M.L. n. glucosum, glucose; Gr. adj. troph-o, pertaining to nutrition; M.L. adj. glucosotrophus, glucose consuming). This description is based on studies of the type strain Methylovorus glucosotrophus 6B1.
Morphology and general characteristics are as given for the genus. Colonies on methanol-mineral salt agar are white or slightly colored. Cells are straight or slightly curved rods, usually 1.0 to 1.3 pm in length and 0.5 to 0.6 pm in diameter, motile by a single polar flagellum. Growth is good at 25 to 45°C and pH 6.5 to 8.0, with optima at 35 to 37°C and pH 7.0 to 7.2. Generation times when grown on methanol and glucose are 2 and 17 h, respectively. No vitamins or any additional growth factors are required. Methanol and glucose are used as the only carbon and energy sources. The following compounds are used as nitrogen sources: ammonium salts, nitrates, methylamine, and peptone. The strain assimilates methanol via the RUMP pathway. Neither a-ketoglutarate dehydrogenase nor the glyoxylate shunt enzymes (isocitrate lyase and malate synthase) are present. Ammonia is assimilated by the glutamate cycle; glutamate dehydrogenase is absent. The major fatty acids are palmitic (cl6:O) and palmitoleic (C16,l) acids. The guanine + cytosine content of
DNA is 55.8 mol% (T,).
The type strain is 6B1. This strain was isolated from waste waters of Alma-Ata city (USSR). It is deposited in All-Union Collection of Microorganisms as Methylovorus glucosotrophus B-1745. This species also includes strains 6B2, 6a, F1, and 12.
